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CYCLONE SEPARATOR 



ABSTRACT OF THE DISCLOSURE 

A cyclone separator for removing a lighter phase 
from a large volume of denser phase » such as oil from 
water, with minimum contamination of the more voluminous 
phase is disclosed. Conventional cyclone separators are 
designed for removing a denser phase from a large volume 
of lighter phase, with minimum contamination of the less 
voluminous phase. In the invention, more efficient sepa- 
ration is achieved by a restriction to flow through the 
cyclone a long distance downstream of the cyclone. The 
invention also discloses a method of removing a lighter 
phase from a larger volume of denser phase by applying the 
phases to the feed of the cyclone, separator of the 
invention. 
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CYaOWE SEPARATOR 



This invention relates to a cyclone separator. This separator may 
find application in removing a lighter phase from a large volume of 
denser phase such as oil from water, with minimum contamination of 
the more voluminous phase. Most conventional cyclone separators are 
designed for the opposite purpose, that is removing a denser phase 
from a large volume of lighter phase, with minimum contamination of 
the less voluminous phase* In our case, a typical starting liquid"* 
10 liquid dispersion would contain under IX by volume of the lighter 



This invention is based on the observation that when the density 
difference is small or the droplets of the lighter phase are small 
(generally less than 25 p m) more efficient separation can be achieved 
if there is a restriction to flow through the cyclone a longway 
downstream of the cyclone. 

According to the present invention there is provided a cyclone 
20 separator comprising at least a primary portion having generally the 
form of a volume of revolution and having a first end and a second 
end, the diameter at said second end being less than at said first 
end, at least one inlet, the or each said inlet having at least a 
tangential component, at or adjacent said first end for introducing 
feed to be separated Into the cyclone separator and the separator 
further Including at least two outlets, one at each end of the 
primary portion In which cyclone separator the following 
relationships apply:* 

30 where d| is the diameter of the said primary portion where flow 
enters, preferably in an inlet portion at said first end of said 
primary portion, (but neglecting any feed channel) d^^^ is twice the 
radius at which flow enters the cyclone through the x^^ inlet (l.e# 
twice the minimum distance of the tangential component of the inlet 
centre line from the axis) and 



(less dense) phase, but it could be moreV 




0 
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where is the projecticm of the cross sectional area of x^^ Inlet 
measured at entry to the cyclone separator In a plane parallel to 
the axis of the cyclone separator Which la normal to the plane, also 
parallel to the cyclone axle vhlch contains the tangential component 
of the Inlet centre line, and where 



10 and where 62 is the diameter of the primary portion measured at a 
point Z2 ^6^6 the condition firat applies that 



tan 

2(a-Zg) 



for all z > Z2 where z is the distance along the cyclone separator 
axis downstream of the plane containing the inlet and d Is the 
diameter of the cyclone at z, and further z ■ 0 being the axial 
position of the weighted areae of the inlets such that the 
20 injection of angular momentum into the cyclone separator is equally 
distributed axial ly about said axial position where z • 0 and being 
defined by 

x»n 

-i- z z^, dj, - 0 

A^dj x-1 

Where z^ io the axial position of the x^^ inlet* 

30 Moreover In the separator of the invention, the second end of the 
primary portion feeds Into a second portion of constant diameter d3 
and length I3 and the following further relationships apply; 



(i) 3 < rsdj <20 
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20.<o<<2'» 

Where a the half angle of the convergence of the separation 
portion I.e. 



tt.= tan ~' *2 ~ *3 »'*'»eTe ^3 1« the diaaeter of the cecond 



end of the primary portion, at position Z3 



<ill) d^^dj <0.2 . vhere d^ Ic the diameter of the outlet 

at the first end of the primary portion 

<lv> 0.9d, > djj 
<v) 0.9d2 > dj 



Ig/dj > 22 



The 5nlet or Inlete nay he directed tanr.entlally Into the primary 
portion or into an Inlet portion or nay have an Inwardly epiraJllni 
feed channel, auch a« an Involute entry. Preferahly. where the 
Inlet(a) are directed tancentlally there are at least two equally 
clreumftrrentlally spaced inlets. 

A plurality of Inlets may be axial ly etafigered along the primary 
portloM or an Inlet portion. Moreover the inlet or Inlets need not 
be arranged to feed exactly radially into the separator hut may have 
an axial component to their feed direction. 

each feed channel may be fed from a duet directed substantially 
tangential ly into the inlet portion, the outer surface of the 
channel oon\'ercin{; to the principal dinmeter of tlie Inlet portiou 
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dj, for example by substentlally equal radial decrenents per unit 
angle around the axis, preferably attaining the diameter dj after 
at least 360^ around the axis. 

The expression iTd2d| which we call the 
—A, 

**8wlrl coefficient" S, is a reasonable predictor of the ratio of 
velocities tangentlally: axially of flow which has entered the 
10 cyclone and which has reached the plane d2« 

Vith a dispersed lighter phase, as Is of Interest to ua, in order to 
be able to create an Internal flow structure favourable for 
separation at a low split ratio 

l*e. split ratio" ( flow through overflow outlet) 

(total flow through inlets) 
of the order of IX, the overflow outlet being an outlet at the first 
end of the primary portion, then the half*angle of convergence 
20 averaged over the whole primary portion is 20'* to 2^, preferably 

not more than 1*", more preferably less than 52' preferably at least 30*. 

5 is from 3 to 20, preferably from 4 to 12 and more preferably from 

6 to 10. 

The convergence averaged from the diameter dj measured in the inlet 
plane to the diameter 62 may be the fastest (largest cone half* 
angle) in the cyclone, and may be from 5^ to 45^ • (The inlet plane 
Is that plane normal to the cyclone axis including the point s« 0.) 

30 

The inlet portion should be such that the angular momentum of 
material entering from the inlets is substantially conserved into 
the primary portion* 

When the separator includes an inlet portion of length 1| then 
1 I /d| may be from O.S to 5, preferably from 1 to 4« 
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Preferably, dj/dj Is Uss than 0.75 (more preferably less that, 0,7) 
«..d preferably exceeds 0.25 (more preferably exceeding 0.3), Vhcre 
the Internal length of the downstream outlet portion is I3. ij/d^ is 
at least 22 and nay be as large aa desired, auch as at least 50. 
yor sy«ce reasons It «ay be desired to curve the second portion 
gently, and a radius of curvature of the order of 30 d, Is poaslble. 
Gentle curvature of the cyclone axle is also feasible." d^/dj nay be 
from 1.5 to 3. Preferably d^/dg Is at most 0.15 and preferably at 
Jeaat 0.008,for example from 0,01 to 0.1, Pressure drop In the 
axial overflow outlet should not bo excessive, and therefore the 
length of the "do" portion of the axial overflow outlet should be 
Vept low. The axial overflow outlet nay readt Its "dg" diameter 
instantaneeusTy or by any font of abrupt or smooth tranaftlon. and 
«ay widen thereafter by a taper or step. The axial distance from 
the inlet plane to the "d^" point Is preferably less than Ady.. The 
actual magnitude of dj la a matter of choice for operating and 
mglncerlng convenience and may for example be 10 to 100 oa. 

According to the invention, «t least part of the generator of the 
Inlet portion or of the primary portion of both nay be curved. 

The generator nay be, for example, (1) a monotonlc curve (having no 
points of inflexion) steepest at the Inlet-portlon end and tending 
to a cone-angle of sero at Its open end. or (11) a curve with one or 
mure points of Inflexion but overall converging towards the 
dowiialream outlet portion, preferably never diverging toworda the 
downaiceam outlet portion. 

A curved generator may be for example of an exponential or cubic form 
m which case it perferably conforms to the formula 



<-z*/20) 

(nm) - M22e (exponential); or 

(mm) - 28-fE(28* x 10"* + 5)1^^^ (cubic). 

The invention extends to a method of removing a lighter phase from a 
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larger volume of denser phase, comprleins applying the phases to 
the feed of a cyclone separatot as set forth above , the phases 
hftlrti: at a higher pressure than in the axial overflow outlet and 
In the downstrctaffl end of the downstrean outlet portion; In practice, 
it win generally ho found that the pressure out of the downstream 
outlet portion will exceod that out of the axial overflow outlet* 

This method Is particularly envisaged for removing up to 1 part by 
volume of oil (light phase) from over 19 parts of water (denser 
phase), such as oll-*field production water or sea water ^Ich may 
have become contaminated with oil, as a result of a spillage, 
shipwrecic, oil-rig Wow out or routine operations such as bllge- 
rinslng or otl**rig drilling* The ratio of flow rates: upstream 
outlet/downstream outlet (and hence the split ratio) has a minimum 
value for successful separation of the oil, which value is 
determined by the geometry of the cyclone (especially by the value 
^o^^2 preferably the cyclone Is operated above this minimum 
value, e.g# by back pressure for example provided by valving or flow 
reatriccion outside the defined cyclone. Thus preferably the method 
comprises arranging the split ratio to exceed 1 1/2 <d^/d2)'^ 
preferably to exceed 2 (d^/d2)^* 

The method further comprises, as a preliminary step, reducing the 
amount of free gas in the feed such that In the feed to the inlet 
the volume of any gaa is preferably not more than 20% » 

The larger the ratio of d^/d^ the higher can be the content of gas 
In the mixture to bo separated. 

As liquids normally become less viscous when warm, water for example 
being approximately half as viscous at 50*C as at 20*C, the method 
is advantageously performed at as high a temperature as convenient* 
The invention extends to the products of the method (such as 
concentrated oil, or cleaned water)* 

Figure I is a not to scale cross sectlcn of a cyclone separator 
acoording to the invention; and 
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Figure 2 is a graph generally illustrating the relationship of the 
separation efficiency to the length of the third portion of the cyclone - 

A generally cylindrical Inlet portion 1 has two Identical 
syonetrlcally clrcunferentl ally-spaced groups of feeds 8 (only one 
group shown) Which are directed tangentlally both In the same sense. 
Into the Inlet portion 1» and are slightly displaced axlally from a 
wall 11 forming the * left-hand* end as drawn, although subject to 
their forming an axl symmetric flow, their disposition and 
10 configuration are not critical. Coaxial with the Inlet portion 1, 
and adjacent to it, is a primary portion 2, which opens at Its far 
end Into a coaxial generally cylindrical third portion 3. The third 
portion 3 opens Into collection ducting 4« The feeds may be 
slightly angled towards the primary portion 2 to Impart an axial 
component of velocity, for example by 5* from the normal to the 
axis* 

The Inlet portion 1 has an axial overflow outlet 10 opposite the 
primary portion 2. 

20 

In the present cyclone separator, the actual relationships are as 
follows; 

dj/d2 " 2. This Is a compromise between energy-saving and space- 
saving considerations, which on their own would lead to ratios of 
around 3 and 1.5 respectively. 

Taper half-angle « 38* (T2 on figure). 

d^/d2 "0.5 Values of from 0.5 to 4 work well 

30 

l|/dj - 1.0. Values of from 0.5 to 4 work well 

^2^^2 A^ut 22. The primary portion 2 should not be too long. 

The drawing shows part of the primary portion 2 as cylindrical, for 
Illustration. In our actual example. It tapers over its entire 
length. 
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In accordance with thla Invention l3/d2» is at least 22 and 
preferably in the range 22 to 50 such as about 30, for best results. 

d^/d2 • 0.04* If this ratio is too large excessive denser phase nay 
overflow with the lighter phase through the axial overflow outlet 
10 » which Is undesirable. If the ratio is too small, minor 
constituents (such as specks of grease, or bubbles of air released 
from solution by the reduced pressure in the vortex) can block the 
overflow outlet 10 and hence cause fragments of the lighter phase to 
10 pass out of the *wrong* end, at collection ducting 4. With these 
exemplary dimensions, about IZ by volume (could go down to 0.4Z) of 
the material treated in the cyclone separator overflows through the 
axial overflow outlet 10. (cyclones having d^^/dj of 0.02 and 0.06 
have also been tested successfully). 

•rTd2dj • 8 

^2 - 38mm. This is regarded as the 'cyclone diameter* and for many 
purposes can be anywhere within the range 10-100 mm for example 15- 
20 60mm; with excessively large d2» the energy consumption becomes 
very large while with too small d2 unfavourable Reynolds Number 
effects and excessive shear stresses arise. Cyclones having d2 " 
38mm proved very serviceable. 

The cyclone separator can be operated in any orientation with 
Insignificant effect. 

The wall 11 is smooth as, in general, irregularities upset the 
desired flow, patterns within the cyclone. For best performance, all 
30 other Internal surfaces of the cyclone should also be smooth. 
However, in the wall 11, a small upstanding circular ridge 
concentric with the outlet 10 may be provided to assist the flow 
moving radially inward near the wall, and the outer 'fringa'of the 
vortex, to recirculate in a generally downstream direction for 
resorting. The outlet 10 is a cylindrical bore as shown. Where it 
is replaced by an orifice plate lying flush on the wall 11 and 
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containing a central hole of diameter leading directly to a 
relatively large bore, the different flow characteristics appear to 
have a slightly detrimental though not serious, effect on 
performance* The outlet 10 may advantageously be divergent in the 
direction of overflow, with the outlet orifice In the wall 11 having 
the diameter d^ and the outlet widening thereafter at a cone half- 
angle of up to 10^. In this way, a smaller pressure drop 
Is experiencing along the outlet, which must be balanced against the 
tendency of the Illustrated cylindrical bore (cone half-angle of 
10 zero) to encourage coalescence of droplets of the lighter phase 
according to the requirements of the user. 

To separate oil from water (still by way of example), the oil/water 
mixture Is introduced through the feeds at a pressure exceeding that 
in the ducting 4 or In the axial overflow outlet 10, and at a rate 
preferably of at least 100 lltre/mlnute* The size, geometry and 
valvlng of the pipework leading to the feed 8 are so arranged as to 
avoid excessive break-up of the droplets (or bubbles) of the lighter 
phase, for best operation of the cyclone separator. For the same 
20 reason (avoidance of droplet break-up), still referring to oil and 
water, it is preferable for no dispersant to have been added. The 
feed rate (for best performance) is set at such a level that (feed 
rate/d2 ) ^^•^ with feed rate In m /s and 62 in metres. The 
mixture spirals within the inlet portion 1 and Its angular velocity 
Increases as it enters the portion 2. A flow-smoothing taper Tj of 
angle to the axis 10^ is Interposed between the inlet and primary 
portions and 2. Alternatively worded, 10^ is the conlclty (half- 
angle) of the frustrum represented by T^ 

30 The bulk of the oil separates within an axial vortex in the primary 
portion 2. The spiralling flow of the water plus remaining oil then 
enters the third portion 3* The remaining oil separates within a 
continuation of the axial vortex in the third portion 3. The 
cleaned water leaves through the collection ducting 4 and may be 
collected for return to the sea, forexample, or for further 
cleaning, for example in a similar or identical cyclone or a bank of 
cyclones in parallel* 
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The oil entrained In the vortex moves axlally to the axial overflow 
outlet 10 and nay be collected for dunplng^ atorage or fxjrther 
aeparatloHi since It vlll still contain some water* In this case 
too, the further separation may include a second sliailar or 
identical cyclone. 

Values d^/dj at the lower end of the range ace especially 
advaitlageous In the case of series operation of the cyclone 
separators » for exaiople %rtiere the *dense phase* fron the first 
cyclone is treated In a second cyclone. The reduction in the volume 
of Might phase* is treated in a third cyclone. The reduction in the 
volume of * light phase* at each stage, and hence of the other phase 
unwantedly carried over vlth the *light phaae* through the axial 
overflow outlet 10» is an Important advantage, for example In a boat 
being used to clear an oil spill and having only limited space on 
board for oil containers; although the top priority is to return 
Impeccably de-oiled seavater to the sea» the vessel *6 endurance can 
be maximised If the oil containers are used to contain only oil and 
not wasted on containing adventitious seavater* 

An experimental separator constructed in accordance with this 
invention had the following dimensions: 
d| 76fflm 
d} 38mm 
1 J TCow 

Tj (the half angle or taper of the portion of the separator between 
the inlet and primary portions): 10^ 

T) Cthe halt angle or taper angle of the primary portion) 

d^ 19oiin 
1^ 1137mm 

The overall length of the separator waa IWnjn 
6^ K5mm 

The separator had two tangentially arranged feed Inlets each 
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of dlaneter such that ^1^2 " ^ 

aK — 

-1 

The separation efficiency obtained using a separator constructed In 
accordance vlth the Invention was compared vith the efficiency of 
two separators in lAlch the length I3 was 340iiim and 740 nm 
respectively i.e. ^^/d2 approximately 9 and, 19.5 
respectively, and also with a further separator in which l3/d2 vas 
10 approximately 50* The results obtained Are given In 7ig«2 of the 
drawings which is a graph showing efficiency of separation (£) 
against the ratio l3/d2» The tests were carried out using degassed 
crude oil from the Forties Oil Field with an Inlet drop size of 35^. 
The oil concentration in the inlet feed lay between 100 and 710 
ppm aind the feed rate was 100 litres per minute. The separator was 
operated at split ratios between 0.2 and 1.7Z* The oil 
concentration in the down stream outlet was reduced to below 75 Qn&* 

The graph shows that separation efficiency increases with increasing 
20 l3/d2 until a plateau region is reached when that ratio becomes 
about 30 after which little variation in efficiency is obtained* 
The amount of oil reaching the down stream outlet is reduced by as 
much as 22Z compared with the separator in which the ratio l3/d2 is 
19.5. 



30 
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WHAT IS CLAIMED IS: 
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1. A cyclone separator comprising at least a primary 
portion having generally the form of a volume of revolution 
and having a first end and a second end, the diameter at 
said second end being less than at said first end, at least 
one inlet, the or each said inlet having at least a tangen- 
tial component at or adjacent said first end for introduc- 
ing feed to be separated into cyclone separator and the 
separator further including at least two outlets, one at 
each end of the primary portion in which cyclone separator 
the following relationships apply: 

where d^ is the diameter of the said primary portion where 
flow enters, preferably in an inlet portion at said first 
end of said primary portion, (but neglecting any feed 
channel) d^^ is twice the radius at which flow enters the 
cyclone through the inlet (i.e. twice the minimum 
distance of the tangential component of the inlet centre 
line from the axis) and 

d » 1 x-n d A 
i A Z ix ix 
i x=l 

where A^^ is the projection of the cross sectional area of 
x^** inlet measured at entry to the cyclone separator in a 
plane parallel to the axis of the cyclone separator which 
is normal to the plane, also parallel to the cyclone axis 
which contains the tangential component of the inlet centre 
line, and where 

x=n 
A| = S A^^ 
X=l 

and where is the diameter of the primary portion measured 
at a point where the condition first applies that 

/5/ 
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-1 

tan -d < 2« 

2(z-22) 

for all z > 22 where z is the distance along the cyclone 
separator axis downstream of the plane containing the inlet 
and d is the diameter of the cyclone at z, and ftirther z » 
0 being the axial position of the weighted areas of the 
inlets such that the injection of angular momentum into the 
cyclone separator is equally distributed axially about said 
axial position where z » 0 and being defined by 

x=n 

A|df x»l 

where is the axial position of the x*^ inlet and wherein 
the second end of the primary portion feeds into a second 
portion of constant diameter d, and length Ij and the 
following further relationships apply: 

(i) 3 < IT dg d| < 20 

(ii) 20« < X < 2* 

where a is the half angle of the convergence of the separ- 
ation portion i*e. 

a = tan ^2 ' where d, is the diameter of the second 
2(Z3-Z2) 

end of the primary portion, at position z. 

(iii) d^/dj < 0.2, where d^ is the diameter of the outlet 
at the first end of the primary portion « 

(iv) 0.9d^ > dj. 
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(V) 



0.9d2 > dj« 



(vi) 



> 22. 



2. A cyclone separator according to claim 1 having an 
inlet portion at the first end of the prinary portion. 

3. A cyclone separator according to claim 1 wherein the 
inlet or inlets are directed tangentially or have an 
inwardly spiralling feed channel. 

4. A cyclone separator according to claim 3 having its 
inlets directed tangentially and having at least two 
equally circumferentially spaced inlets. 

5. A cyclone separator according to claim 1 wherein a 
plxurality of inlets are axially staggered along the separ- 
ator. 

6. A cyclone separator according to claim 1 wherein the 
half angle of convergence averaged over the whole length of 
the primary portion is between 20* and 2«. 

7. A cyclone separator according to claim 6 wherein the 
half angle of convergence is less than 52* and at least 
30*. 

8. A cyclone separator according to claim 1 wherein the 
swirl coefficient S is from 4 to 12. 

9. A cyclone separator according to claim 8 wherein the 
swirl coefficient S is from 6 to 10. 



10. A cyclone separator according to claim 2 wherein the 
separator includes an inlet portion of length 1^ and l)/d2 
is from 0.5 to 5. 
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11* A cyclone separator according to claim 1 wherein dj/dj 
is less than 0.75 and ex<§ceeds 0.25. 

12. A cyclone separator according to claim 1 wherein l3/d2 
is from 30 to 50. 

13. A cyclone separator according to claim 1 herein d^/dj 
is from 1.5 to 3. 

14. A cyclone separator according to claim 1 wherein d^/dj 
is at most 0.15. 

15. A cyclone separator according to claim 14 wherein d^/d2 
is from 0.01 to 0.1. 

16. A cyclone separator according to claim 1 wherein the 
axis of the second portion is curved. 

17. A cyclone separator according to claim 1 wherein at 
least a part of the generator of the primary portion is 
curved. 

18. A cyclone separator according to claim 1 wherein the 
axis of the cyclone is curved. 

BARRI6AR & OYEN 
Patent Agents 
for the Applicant 
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